The study was done to assess the opportunity costs of REDD+ to the communities of Mufindi District which is located in the Southern Highlands of Tanzania. The specific objectives were, to identify and assess the economic value of alternative land uses, the aboveground carbon stock of Idewa Forest Reserve (IFR), and the profitability of each land use as compared to REDD+ incentives. Data were collected using questionnaire survey, key informant interview, and forest inventory and data were analyzed using the Excel programme. Results showed that the main land uses were agriculture and tree planting with economic values of $2958.52 and $3272.94 per ha per year, respectively. The total aboveground carbon was 39.23 t/ha (143.97/ha). The opportunity costs of REDD+ was varying depending on the price per ton of carbon. The opportunity costs of REDD+ will be profitable if the price per tCO 2 e will be at least $23. It can therefore be concluded that there is no general unit price per ton of carbon dioxide equivalent (tCO 2 e), as it depends on REDD+ opportunity cost when compared with alternative land uses within a particular place. Therefore we recommend opportunity costs of REDD+ to communities be used to guide decision making on unit prices of carbon.
Introduction
Reducing emissions from deforestation and forest degradation (REDD) was recognized officially at the 2007 CoP13 in Bali. In 2005, discussions focused only on "reducing emissions from deforestation" (RED). As it became clear that forest degradation in some countries was an even bigger problem than deforestation, "avoided degradation" (the second D) was officially endorsed at the 2007 COP13 in Bali and RED morphed into "reducing emissions from deforestation and degradation" (REDD). Subsequently, it was further recognized that there could be climate benefits not only from avoiding negative changes (deforestation, degradation) but also from enhancing positive changes, such as conserving and restoring forests [1] . This can be referred to as "removals" or "negative emissions. " It was expressed as the "+, " and "reducing emissions from deforestation and forest degradation in developing countries (REDD); and the role of conservation, sustainable management of forests and enhancement of forest carbon stocks in developing countries" (REDD+) became official language at the 2008 COP14 in Poznan [2] .
A core idea underlying REDD+ is to make performancebased payments, that is, to pay forest owners and users to reduce emissions and increase carbon sequestration. Regardless of whether or not individuals or communities are being compensated financially if REDD+ limits their livelihoods (legal or not) benefits/opportunities, then they bear an opportunity cost. If these costs are not compensated in some way (financially or otherwise), there are two implications: (1) pressure on forest utilization will continue or (2) the opportunity cost would cause harm to communities, in violation of international good practice standards (and World Bank safeguards) of "doing no harm" [2] .
Deforestation and forest degradation, through agricultural expansion, conversion to pastureland, infrastructure development, destructive logging, fires, and so forth, accounts for nearly 20% of global greenhouse gas (GHG) 2 International Journal of Forestry Research emissions [3] . Reducing deforestation and degradation conserves carbon and other benefits that forests provide. But it foregoes the benefits of alternative land uses, such as crop and livestock production. These foregone benefits, or opportunity costs, are very significant components of the costs of REDD+.
Other costs include costs for implementation and administration, sociocultural and transaction costs, stabilization, and indirect costs [4] . The basic idea of REDD+ is to generate a significant level of compensation or economic incentive to outweigh the income generated through deforestation [5] among which is to compensate for the opportunity costs that communities incur from alternative land uses such as agriculture and livestock keeping. Since REDD+ is an emerging issue all over the world, there is limited information on its opportunity costs to different communities especially those living adjacent to the forests in developing countries.
Participatory Forest Management (PFM) is among the strategies for REDD+ implementation in various countries including Tanzania where local communities are involved. Majority of nongovernment organizations (NGOs) in Tanzania are using PFM to implement REDD+. Under PFM local communities and the government comanage forest reserves through Joint Forest Management (JFM) where the owner of the forest is either central government or local government and Community-Based Forest Management (CBFM) where local communities are the owner of the forest. The involvement of local communities in forest management in the country follows substantial reforms that have taken place in the forest sector within the past few years, following the adoption of the National Forest Policy [6] and implementation of the Forest Act in 2002 [7] .
Mufindi is one of the five districts in Iringa Region implementing PFM under both JFM and CBFM. The implementation of PFM is the one which made this study done in Mufindi District so as to determine whether the coming REDD+ initiatives will be effective because currently there is no study which has already been done in this area to assess the opportunity costs of REDD+ to the communities.
The results of this study help clarify how to design an appropriate financial or policy incentive to change behavior at ground level. Prospective studies are needed as future opportunity costs will depend on REDD+ incentives and land-use incentives, price, and so forth [8] .
The main objective of this study was to assess the opportunity costs of REDD+ to the communities of Mufindi District. We assessed the economic value of alternative land use, aboveground carbon stock at Idewa Forest Reserve managed under PFM, and the profitability of each land use as compared to REDD+ incentives. Mufindi plateau is extensive and uniform covering halfway of Iringa rural through Mafinga up to Makambako. Its altitude ranges from 1700 to 2000 m above sea level. The average mean annual rainfall is 950 mm. In the eastern part of the plateau the annual rainfall is slightly higher than 950 mm. The average evapotranspiration is 1300 mm per annum, whereas the maximum temperature is 18.3 ∘ C (February) and the minimum is 13.1 ∘ C (July).
Methodology

Data Collection.
For estimation of above ground carbon a total of 44 temporary circular sample plots of radius 15 m (0.07 ha) were established randomly throughout the forest. The distance between plots was varying between 100 m and 200 m. All trees with DBH ≥ 6 cm within each sample plot were measured for diameter at breast height (dbh). Heights for the largest, medium, and smallest trees were also measured. In order to determine costs and benefits of alternative land uses, household was the sampling units for the study. Two villages, namely, Kibengu and Ilogombe, were sampled purposively based on their closeness to Idewa Forest Reserve, whereby 30 households in each village were randomly interviewed. According to Bailey [19] a subsample size of 30 from one observation unit is considered adequate provided that characteristics of the study population were well excluded. The sampling frame at Kibengu and Ilogombe villages was 580 and 395 households, respectively. Questionnaire survey and key informant interview methods were main tools used to collect data for costs and benefits of alternative land uses. Key informants here were District Natural Resources officer and small scale farmers.
Data Analysis.
The above ground carbon was obtained as a product of tree volume, average wood basic density, and biomass carbon conversion factor 0.49 [20, 21] .
The basal area was calculated from measured stems diameter at breast height (1.3 m) for all trees in each plot. The calculated basal area, trees heights, and the form factor were then used to calculate tee volume. The form factor of 0.5 for natural forest [22] was used. Heights for all trees were International Journal of Forestry Research 3 obtained by regressing diameters and the heights of measured sample trees to get the height-dbh relationship.
The trees volume was computed as a product of basal area, height, and the form factor.
The amount of carbon obtained in grams was then converted to tones of carbon per hectare (tC/ha) of carbon. Thereafter the computed amount of carbon was multiplied by the suggested prices of carbon per hectare to get the economic value of the forest for opportunity cost determination.
Microsoft Excel computer program was used to analyze the economic data to obtain the net annual profit and then the NPV. Potential financial profitability was calculated for each of the important land uses identified. The profitability analysis considered all establishment costs and all cost and revenue streams over the lifetime (in this study it is 20 years) of the production systems. The net profit obtained by subtracting total costs from the total revenue for each item was discounted and summed to produce an estimate of the net present value (NPV).
The major assumptions introduced at the stage of NPV calculation were the discount rate (r) and the time horizon (T).
All labour is valued at the local market wage and outputs valued by farm-level prices. The analysis used a discount rate of 10%. From a national perspective, the discount rate can be equated to the cost of borrowing money. The interest rate on loans (often between 5 and 10% annually) is a useful proxy [23] . A 20-year time horizon was used with assumption that REDD+ will be implemented for 20 years. The length of the time horizon for analysis can be an arbitrary decision yet should be guided by REDD+ policy. Common horizons range from 20 to 50 years, and perhaps more [23] . For discount rates, NPV analyses typically use loan interest rates which are set by a national bank or the government. Such rates can range from 10 to 30%. Although agricultural loans are rarely available, especially in remote forest margin regions, bank interest rates do serve as a good indicator of the time value of money [23] .
Results and Discussion
The Economic Value of Alternative Land Uses.
In the study area, the crops grown include maize, beans, peas, Irish potatoes, and pyrethrum whereby maize and beans are the main crops. Apart from crop cultivation respondents in the study area were also involving tree planting activities and every household had an area of at least 0.2 ha of trees. The main species preferred was Pinus patula. The economic value of each of the main crops cultivated and trees was as discussed below.
The Economic Value of Maize and Beans.
Maize and beans were the main crops cultivated in the two study villages, Kibengu and Ilogombe. They all involve similar stages of management which are land preparation, planting, weeding, and harvesting. Normally households in the study villages use family members for all farm activities so the costs for the farming activities were taken basing on those few farmers who use casual labours. The costs for land preparation differs in the two villages; at Kibengu it was varying between TZS 74,100 and TZS 123,500 per ha while at Ilogombe it was TZS 98,800 per ha. Weeding cost was varying between TZS 49,400 and TZS 74,100 per ha at Ilogombe and at Kibengu village it was TZS 74,100 per ha. These costs are equal TZS 3,000 per man day where it takes seventeen to twenty man days/ha and 24 man days/ha for weeding and digging, respectively. This is underpayment if compared to the current value of the Tanzanian shilling. The minimum government payment per man day for the financial year 2011/2012 was TZS 5, 192 . Households used to recycle seeds used in the last season. This was a practice for both maize and beans. Fertilizer application in the study area was not common for all villages; some use fertilizers and others do not depending on their economy and access. Prices for fertilizers depended on the type of fertilizer and whether the fertilizers were subsidized or not. Fertilizer like NPK (nitrogen-phosphate-potassium compound fertilizer) which is used for planting was TZS 47,000/50 kg with subsidy and TZS 70,000 to 90,000/50 kg without subsidy and for growth enhancing fertilizers like DAP (diammonium phosphate) it was TZS 25000 up to TZS 50,000 depending on whether it is subsidized or not.
Results show that the average production of maize for Kibengu and Ilogombe was about 140 bags (20 kg per bag) and 94 bags per ha per season, respectively. Beans production per ha per season was about 44 bags and 57 bags, respectively. The amount of fertilizer per pit was also varying from one farmer to another. These might be the reason for the big difference in productivity per ha between farmers. Other reasons may be due to exhaustion of soils in farms and lack of records by farmers which might lead to information which may be different from the reality. The farm size per household was varying depending on the type of crop produced. Mnenwa and Maliti [24] have also reported that the size of cultivated land varied greatly by farming system. For maize production the sample households cultivate between 0.3 ha and 1.2 ha while for beans production they cultivate between 0.1 ha and 1.2 ha per household. The study carried by Mnenwa and Maliti [24] revealed that most households (67%) in Tanzania owned between zero and two acres (0.8 ha) of cultivated land. This implies that farm size per household was small and it might be due to the use of hand hoe for cultivation which consumes a lot of energy. The data on farm size also confirm the land pressure constraint especially in the subhumid uplands and for the poor [25] .
The profitability of agriculture in the study area was estimated by calculating the NPV of the main crops cultivated by the villagers. The average undiscounted profit for maize and beans at Kibengu village was TZS 416,915.42/ha and TZS 641,925.56/ha, respectively. At Ilogombe, the average undiscounted net profit was TZS 184,049.83/ha and TZS 732,450.00/ha for maize and beans, respectively. These results were then discounted to obtain NPV for the twenty-year time horizon for maize and beans (Table 1) .
Woodlots.
All respondents (100%) in the study area own woodlots. The size of the woodlot per household was varying In the study area, many of the silvicultural activities were carried out by household members; therefore it was difficult to predict the appropriate costs for land preparation, planting, and pruning activities. There were few respondents who use labour for doing these activities whereby land preparation costs TZS 111,150 per ha at Kibengu and TZS 74,100 per ha at Ilogombe. According to the respondents land preparation here meant slashing large grasses and shrubs and this occurs rarely; most of the time they plant trees in previous crop cultivated land where there is no need for clearance.
Tree transplanting costs were also predicted by using the information from the few respondents who use labour force for planting activities likewise in the case of pruning. Transplanting cost was TZS 49,400 per ha and pruning costs was TZS 74,100 per ha in the two study villages. The costs for land preparation, planting, pruning, and thinning at Sao Hill Forest Plantation (SHFP) were 46,728, 62,304, 72,688, and 72,688 TZS/ha, respectively, for 9, 12, 14, and 14 man days, respectively. This is equal to the payment of TZS 5, 192 per man day. Pruning and thinning activities at SHFP were normally carried out two times per rotation. On the basis of these results, small scale farmers use more costs for land preparation than the SHFP, but lower costs in pruning and no thinning costs.
The most preferred tree species was Pinus patula for business purposes. Some Eucalyptus spp. and Acacia meansii were observed in some areas in the study area but were not mentioned by the respondents. Planting spacing was 2 m × 2 m, 2.5 m×2.5 m, and 3 m×3 m but many used 2.5 m×2.5 m. The rotation age of Pinus patula in the study area was between 5 and 15 years, with the average of 9 years. The selling price for trees was between TZS 2 500 and TZS 10,000 per tree where 69% of the respondents sell their trees for TZS 5 000 per tree. The trees were sold for timber purposes and the farmers used to sell standing trees where buyers cut them into saw logs and then lumber at their own costs.
The main source of tree seedlings was local; they collect seeds from old Pinus patula plantation for nursery establishment. Most farmers used to establish their own tree nurseries to get enough seedlings for own use and any excess is sold to other villagers who did not manage to have own nurseries. The cost per seedling was between 60 and 100 Tanzania shillings. Therefore for easy calculation of the seedling costs, we made an assumption that all the respondents were buying seedlings rather than preparing for themselves. We also observed that the prevailing price was TZS 100 per seedling. Due to lack of adequate financial resource for buying polythene tubes, some of the households prepared their own traditional nurseries known as Swaziland.
The profitability of tree planting was determined by calculating the NPV at a discount rate of 10% and time horizon of 20 years assuming that REDD+ will be implemented for 20 years as from 2012. The results of analysis show that the average NPV of woodlots in the two study villages was TZS 5,199,647.21/ha (Table 2) .
The Aboveground Carbon Stock of Idewa Forest Reserve.
The total amount of carbon at Idewa Forest Reserve (IFR) was estimated to be 39.23 tC/ha which is equivalent to 143.97 tCO 2 e/ha. Munishi and Shear [20] reported the above ground carbon of 427±14 and 318±8 tC/ha for the Usambaras and Ulugurus, respectively. The authors concluded that their estimates were just approximations and a preliminary contribution to the assessment of such potential in the Eastern Arc Mountain forests and recommended further studies to improve these estimates. Brown et al. [26] concluded that only about 6% of mature forests in Tropical Asia had biomass less than 500t/ha (245 tha −1 C) while more than 61% of the forests had biomass less than 250 t ha −1 (122.5 t ha −1 C). This
International Journal of Forestry Research 5 study carbon results seem to be very low as compared to other montane forests as presented above. This difference may be due to difference in geographical location, soil characteristics, forest structure, and the research designs between these studies. The results show that most of the people adjacent to IFR have their own woodlots which serve them for timber, firewood, and cash flow. They are also aware of the importance of the forest as a source of rainfall for their rain dependent agricultural crops. The value of the forest in terms of carbon when multiplied by various prices as proposed by different authors is presented in Table 3 .
Profitability of Agriculture and Woodlots in Comparison
with the REDD+ Incentives. The profitability of agriculture and woodlots in comparison with REDD+ incentives was determined by calculating the NPV for agriculture and woodlots and the total amount of cash flow of CO 2 e per ha. Results show that the NPV for agriculture and woodlots were USD 2958.52 and USD 3272.94 per ha per year, respectively. The cash flow per ha of tCO 2 e was depending on which unit price per tCO 2 e was adopted. Based on Nordhaus [9] unit price, the NPV was USD 719.87/ha and when based on Jakob et al. [14] unit price, the NPV was USD 25627.39/ha (Table 4) . These two authors show the minimum and maximum unit prices of carbon, respectively. In the MNRT and UN-REDD+ [27] the Jane Goodall Kigoma Project has revealed that the NPV for natural forest amounts at US$ 924/ha, while shifting cultivation is the most profitable business in this region with a NPV of US$ 2,806/ha. This indicates that the avoidance of converting natural forest to shifting cultivation will comprise the highest opportunity costs. Tanzania Forest Conservation Group (TFCG) Kilosa project also estimated the opportunity costs of REDD+ to be 12.1 USD/tCO 2 e due to unsustainable charcoal production and 8.8 USD/tCO 2 e due to agriculture (shifting cultivation) [27] .
Results of this study show that, for the communities in the study area to get benefits from land use change for REDD+ implementation, the unit price of carbon should start at USD 23 USD/tCO 2 e) and above. This is because it will provide benefits which equal the maximum profit when land is used for woodlot which is more beneficial than agriculture based on the considered components of production. The unit prices of USD 5 and USD 6 USD/tCO 2 e) result in low NPV compared to the alternative land uses. Apart from this compensation, REDD+ implementers should consider the material needs of these communities such as fuel wood and transportation costs of food from other areas. According to Bond et al [28] , two programmes in Latin America-Pimampiro (Ecuador) and the PSA-H (Mexico)-pay between USD 6-12 and USD 27-£6 per hectare per annum, respectively. In Vietnam, the government pays between USD 3 and USD 6.5 per hectare per annum, although this isconsidered to be low compared with alternative land uses [29] . If the opportunity costs of REDD+ are not taken into account, its implementation may be effective at the beginning but the effectiveness will not be sustainable especially when the communities become aware that they are losing more than what they are gaining. The opportunity costs of agriculture and woodlots in the study area are as shown in Table 4 .
Conclusions
This study concludes that the economic value of alternative land uses depends on the type of the land use and the requirements for production. Also the aboveground carbon stock of the montane forests along the Eastern Arc Mountains varies from one location to another. Moreover, the profitability of any land use is determined by inputs used for production and the selling price of the products which indicate the opportunity costs incurred when implementing REDD+. This implies that there is no general price per tCO 2 e, instead it depends on REDD+ opportunity cost of a particular place when compared with alternative land uses. Therefore careful examination of the costs involved to adopt REDD+ is very important for the initiative to be effective and sustainable. The REDD+ payments should cover the opportunity costs incurred by communities; otherwise its implementation may not be sustainable.
Based on findings and conclusion of this study, the following are some of recommendations for success of REDD+ to the communities of Mufindi District.
(i) Opportunity costs of REDD+ to different communities should be used to guide decision making on unit prices of carbon as it varies from place to place
